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Isolated islets were obtained from heavier animals (400-500 g) than those used to obtain pieces of pancreatic tissue (ZOO-300 g) for incubation. These animals were used to study the direct effects of growth hormone on insulin secretion in vitro. Male hypophysectomized albino rats of groufi B (ca. 200 g; Charles River Breeding Laboratories, Wilmington, Mass.) were killed 23 or 24 days after surgery, their body weights being checked daily during this period. Half of these animals (Sroup B III; N = 6) received daily subcutaneous injections of growth hormone (2.0-2.5 mg/day; ovine growth hormone, lot GH-S-8, NIH, Bethesda, Md.) for 4 days before death. The remainder (group B 11; N = 6) remained untreated.
Six normal rats of the same age and strain were used as controls (group B 1). In the third group C, two male rats kindly provided by Dr New York City). This mammosomatotropic tumor (strain W 15), which has no adrenotrophic activity (8), was implanted subcutaneously behind the neck. The animals were killed 20 weeks later, when their body weights were almost twice those of two control animals of the same age, sex, and strain.
Insulin secretion in vitro. Groups of 6-8 islets, isolated from rats of grou;b A by the method of Lacy and Kostianovsky ( 17), were incubated for 90 min at 36 C in bicarbonate buffered media ( 1 .O ml) containing glucose ( 100, 200, and 300 mg/lOO ml), bovine serum albumin (0.5 %, w/v; bovine albumin, fraction V, Sigma Chemical Co., St Louis, MO.), and, when required, growth hormone ( l-400 pg/ml; rat growth hormone, lot 30-35 from R. Grindelands, Ames Research Center, Moffatt Field, Calif.). After incubation, an aliquot of each incubation medium (0.5 ml) was allowed to react for 60 min at 37 C with an equal volume (0.5 ml) of appropriately diluted guinea pig anti-insulin serum which was present in excess. From the fall in (bovine) insulin binding capcity of this serum, the insulin content of the incubation medium was calculated; details of this xnethod have been given elsewhere (20, 29). Small pieces of pancreatic tissue (ca. 10 mg each) were incubated in groups of four in bicaronate buffered media (2.0 ml) containing glucose ( 100, 150, 200, and 300 mg/lOO ml), boviie serum albumin (0.5 %, w/v; set above) and guinea pig anti-insulin serum (GPAIS lots 270 and 404). When growth hormone (2 to 200 ,ug/ml; ovine, lots GH-S-6
and GH-S-8, NIH, Bethesda, Md.) was incorporated, all media contained kallikrein inhibitor (666 KI U/ml; Trasylol, kindly donated by R. Goesswald, FBA Medical Research, New York City). This substance protects growth hormone from the effects of lytic substances released from pancreatic acinar tissue (21) but has no effect on insulin secretion induced by glucose in media containing anti-insulin serum. Insulin secretion during 90 min of incubation at 36 C was equated with the fall in (bovine) insulin binding capacity of the medium.
Full details of the methods for tissue incubation and assay of insulin secretion have been given elsewhere ( 24).
Pancreatic iLdin content. After incubation in vitro, all pieces of pancreas from -the same animal were combined and extracted with acid-alcohol.
After neutralization of the extracts with sodium bicarbonate, the neutralized extracts were diluted and their insulin contents assayed by a method previously described (25) Results given below refer to mean values and the one low concentration of glucose ( 100 mg/lOO ml).
Efects uf hypophysectomy and administration of growth hormone. The normal rats used as controls for the hypophysectomized rats of group B gained weight steadily (5 g/day) during the 5 days before they were killed, At the time of death, their plasma sugar concentrations ( 155 mg/ 100 ml), pancreatic weights ( 1.1 g), and insulin contents (2.2 U/g) were normal; and the insulin secretion (49.8 pU/mg per 90 min) induced by glucose ( 150 mg/lOO ml) from pieces of their pancreatic tissue was within the range of normal values previously reported (22, 23).
By comparison (Table Z) , the hypophysectomized rats (group H 1.) failed to gain weight during 3 weeks following surgery. When killed after this time plasma sugar concentration ( 137 mg/lOO ml) was slightly but significantly reduced. The insulin content 12f the pancreas was reduced ( 1.3 units), but when related to body weight (6.8 mu/g) or to the amount of pancreatic tissue (2.2 U/g) it appeared normal. Whether related to the weight of incubated tissue, its insulin content, or to the body weight of the animal insulin secretion evoked in vitro by glucose from pancreatic tissue from thcsc animals was never more than 40 '% of the corresponding value obtained with normal pancreatic tissue (Table  2) . When ovine growth hormone was given for 4 days to the second group of hypophysectomized rats (group B III), body weight increased rapidly (ca. 8 g/day).
At death, plasma sugar concentration ( 155 mg/lOO ml) was normal. The total insulin content of the pancreas was still reduced ( 1.6 units), and concentration of the hormone relative to pancreatic weight and body weight were unchanged. When pieces of pancreas from these animals were incubated in vitro, however, they secreted more than twice as much insulin as tissue from the untreated hypophysectorn ized rats but total p ancreatic secre tion (mU/pancreas) rem ained subnormal even when it was related to the lower body weights and reduced insulin contents of these small animals+ Effects o;F endogenously secreted growth hormone. The rats . used as controls for comparison with those bearing growth hormone secreting tumors (grou! C) were comparable with normal animals of the last group (B). Thus, the body weights, pancreatic weights, pancreatic insulin contents, and the various parameters of insulin secretion evoked in vitro for these two animals (Table 3) were all of the same order as those shown for the normal animals standard errors of those means. in Table  2 . By contrast, the two rats bearing growth hormone-secreting tumors were much heavier. As shown in Table 3 , they had normal plasma sugar concentrations; their pancreatic tissue was no more abundant but, by whatever parameter it was measured, the insulin content was high. The amount of insulin secreted in response to glucose ( 150 mg/lOQ ml) by pancreatic tissue from these large animals was twice or more than twice the normal whether it was related to weight of incubated tissue, to the total weight of the pancreas, or to body weight. It should be noted, however, that the proportion of stored hormone which was secreted remained within normal limits.
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Com@rison with normal rafs of uhxds ages. In normal rats of various ages, examined under experimental conditions identical to those used in the preseng study, total pancreatic insulin output (mu/pancreas) evoked by glucose (150 mg/lOO ml) in vitro increased in direct proportion with bodv weigh t. Figure 1 i llustrates how a variation in the produ ction of grow th hormone superimposes its effects on the normal relationship existing during growth between the secretory capacity of the pancreas and the body as a whole. Thus, the pancreas from the hypophysectomized rats secreted less than half ( 10.2 + 1.6 milliunits) the amount of insulin secreted (26.6 =t 2.5 milliunits)
by the pancreas from normal rats of comparable low body weight, whereas the secretory capacity of the pancreas from the tumor-grafted rats ( 192. The present observed lack of any immediate dirccteffect of growth hormone on insulin secretion in vitro adds a further negative observation to the list of conflicting reports by others. Bouman and Bosboom ( 4) have reported that bovine growth hormone ( 100 Pdn-4 stimulated insulin secretion by pieces of rat pancreas in vitro when glucose is present in high concentration (300 mg/lOO ml) but not when the glucose concentration is low ( 100 mg/ 100 ml). Also Frohman, MacGillivary, and Aceto have recently reported that intravenous injection of growth hormone to human subjects failed to increase the basal level of plasma insulin, but increased the insuJinic response evoked by glucose loading ( 12). However, Grodsky et al. ( 13) observed no effect of growth hormone (40 pg/ml) in the perfused rat pancreas. Finally, Coore and Randle (9) reported that human growth hormone (ZOO pg/ml) inhibits the stimulant effect of high concentrations of glucose (300 mg/ 100 ml) on insulin secretion by pieces of rabbit pancreas. A comparable inhibitory effect of growth hormone on insulin secretion induced by glucose in the perfused rat pancreas had been reported bv Anderson and Long ( 1) We were unable, even with high concentrations of growth hormone (400 kg/ml), to show any effect on the stimulant action of glucose at any concentration It could be argued that our observations are factitious for two reasons, First, added growth hormone could have been destroyed during incubation with the pancreatic tissue. This seems unlikely for we have already shown that labeled human growth hormone is not degraded under the present conditions of incubation with <. pancreatic tissue (24). Even if it were, sufficient kallikrein inhibitor (Trasylol) was added to protect the hormone; the concentrations of this inhibitor were comparable with those used successfully to demonstrate stimulant effects of other polypeptidic hormone such as glucagon (21). The concentrations of added growth hormone were more than 10,000 times those found in plasma and one might reasonably have expected an effect when acinar tissue producing the lytic substances was absent from the incubation medium.
In fact, when isolated islets werr used (Table 1) no effect was observed. Secondly, a negative observation could be attributed to the well known species-specificity of growth hormone ( 16). This also seems unlikely for the ovine growth hormone did stimulate growth of the hypophysectomized ra ts (Table 2 ) and the homologous rat hormone was used in exDerim ents performed with isolated islets ( (Table  3) . Secretory capacity of the pancreas is also increased but remains normal with respect to the amount of stored insulin (Table  3) . These findings, taken as a whole, support the concept 22 
